Ultra-weak photon emissions (UPEs) including those from human have been experimented for decades. The photo-genic origin of UPE has also been attributed to the oxidative stress or free radical production that is unique to metabolically active states of biological organisms. However, there are considerable gaps in quantitative understanding of UPE. In this work, I propose an analytical framework of hypothesis for the initial objective of modeling a few superficial presentations of UPE of human, including the systematic dependency on age, the diurnal variation, and the geometric asymmetry associated with serious asymmetrical pathological conditions. The hypothesis which is currently limited to human assumes a new form of energy state, termed vivonergy, which resides only in metabolically active organisms that are also under neuronal control.
Introduction
Ultra-weak photon emission (UPE) [1] has been investigated over several decades under a variety of terms including the following that have appeared chronically: weak luminescence [2] , low-level chemiluminescence [3] , spontaneous chemiluminscence [4] , biophoton(s) emission [5, 6] , ultraweak bioluminescence [7] , autoluminescence [8] , spontaneous ultra-weak light emission [9] , etc.
The spectrum of UPE interestingly covers the visible light and extends to ultraviolet and nearinfrared bands [3, 5, [10] [11] [12] [13] [14] [15] [16] [17] [18] . The commonly reported UPE intensity is 100s of photons per second per square centimeter [6, [19] [20] [21] [22] . For a photon at the visible wavelength of 500nm, a photon count rate of 100 photons per second per square centimeter corresponds to an irradiance of 3.98 × 10 −17
• −2 or ~0.04 • −2 . This irradiance is comparable to the photon fluence rate measured at 10cm from a source of 1µW power in an unbounded homogeneous tissue medium having an absorption coefficient of 0.106cm -1 and a reduced scattering coefficient of 10cm -1 . The extremely small intensity makes UPE challenging to detect without completely darkened-out environment and highly sensitive photon detecting devices. The difficulty of detecting UPE also hinders the mechanism exploration beyond the known association of UPE with the oxidative stress [23] that is magnified by metabolic demands.
Although the photo-genic pathways of UPE are less specified, the characteristics of UPE regarding diffuse light emission are clearly inferred. A particularly robust observation of diffuse light emission properties of UPE was made from human hand by Nakamura and Hiramatsu [19] .
In the presence of an air layer between the palm and the glass window of a photomultiplier tube (PMT), about 100 UPE photon counts per second was obtained, while in the absence of air layer by the contact of PMT with the palm through mineral oil, about 200 UPE photon counts per second was obtained. Similar level of UPE photon counts was obtained by water-immerged contact of PMT with the palm or direct contact of the PMT glass window with the palm. The absence of air layer was justified as the sole attributer of the enhanced UPE intensity. That observation supported the notion that the UPE must have originated inside the skin. If the light of UPE originates inside the tissue, it will propagate within the tissue and evade the tissue when encountering a boundary.
A better matching of the refractive index of the two media across the boundary will reduce the loss of the photons crossing the boundary and thus increase the UPE intensity measured on the surface.
The enhancement of UPE by refractive index matching at the boundary is a boundary-value presentation common to light diffusion.
The variations of UPE intensity in association with normal physiological phases or environmental influences have been reported on different temporal scales. Diurnal rhythms of UPE of human have been linked to the systematic changes in energy metabolism inherent to a circadian cycle [24] . Frequency analysis of the UPE intensity revealed spectral components with longerthan-24-hours temporal characteristics ranging from 7-days to 270-days [6, 25] . Seasonal variation of UPE intensity [20, 25, 26] revealed as high as 4-folds of changes over year-long measurements with the lowest intensity in the autumn and the highest intensity appearing 6-months apart from the autumn. The UPE has also manifested gender and age-related variations [22, [27] [28] [29] [30] . The UPE intensity was higher among males than among females, and higher in adults than in children. The aged male adult had ~40% higher UPE intensity than the aged female adult [27] . The UPE of both male and female started to increase by the age of 11-14 and stabilize at ages around 50 [27] . These findings indicate that measuring UPE can potentially provide insight into the homeostatic state or systematic stage, as well as the harmonic correlation between the human body and the environment that is regarded fundamental to some alternative medical practices [31] . Deviations of UPE intensity from these healthy temporal rhythms thus may render information of the deviation of the systematic or homeostatic physiological states from the normal levels.
The temporal variations of the human UPE intensity of normal physiological states also infer that, a human state departing significantly from healthy conditions due to acquired pathology may reveal a variation of UPE intensity that is much stronger than that of a systematic cause. An acquired pathology that is site-specific could also cause the UPE pattern to be altered from a healthy balanced or symmetric configuration. A superficial presentation of UPE caused by acquired pathology will likely be the breaking of the systematic symmetry of UPE. A multiple sclerosis case was found to give ~200 counts/second in the right hand and ~300 counts/second in the left hand [6] . For hemiparesis patients, the hand of hemiparesis aspect emitted less UPE photons in comparison to the contra-lateral normal hand [32] , and acupuncture treatment reduced dramatically the left-right asymmetry of UPE. The left-right asymmetry of UPE in a mouse model of human breast cancer [16] became more pronounced as the tumor load in the right axillary increased versus the contra-lateral normal control. These reports suggest that the left-right asymmetry of UPE correlates with the left-right difference on the pathological conditions.
The experimental observations of the physicality of UPE have substantiated the potential of UPE for applications including non-invasive assessment of the health [33] . However, there are considerable gaps in quantitative understanding of UPE, in terms of model-based accounting of the UPE patterns. Model-based thus quantitatively-rendered interpretation of the UPE patterns could foster experimental explorations that can target specific mechanism discovery of UPE. In this work, I propose an analytical framework of hypothesis for the initial objective of, for the first time, modeling a few superficial presentations of UPE of human including the systematic dependency on age, the diurnal variation, and the geometric asymmetry associated with serious asymmetrical pathological conditions. The hypothesis assumes a new form of energy state, termed "vivo-nergy," which resides only in metabolically active organisms that are also under neuronal control. The hypothesis projects a decrease of the vivo-nergy in human during growth beyond puberty, with the rate of decrease dictated by a critical time-scale---the age of the first oppositesex sexual intercourse (FOSSI). The hypothesis also proposes a modification of the vivo-nergy by the phases of systematic or homeostatic physiology. The hypothesis further postulates that the deviation of the physiology-modified vivo-nergy from the pre-puberty level is deteriorated by the acquired organ-specific pathological conditions. Any deviation of vivo-nergy from the pre-puberty level is hypothesized to be photo-genic, proportionally causing oxidative stress that functions as the physical source of UPE. The age and systematic physiology combined determines the intensity of the physiological photo-genic source confined at the center of the sphere. The acquired (single) pathology sets both the intensity and the off-center position of the (single) pathological photogenic source. The light emission from a photo-genic source diffuses through the human body that is simplified as a homogeneous spherical domain. The steady-state photon diffusion through the body to the surface is modeled by photon diffusion principles incorporating an extrapolated zeroboundary condition. When the age-related, physiology-commanded, and pathology-controlled modifications of the photo-genetic sources are implemented in the photon diffusion model, the photon fluence rate at the surface of the human-representing spherical domain reveals the patterns of intensity dependence upon age, temporal variation corresponding to systematic physiology, and geometric asymmetry associated with significant asymmetric pathological condition as reported in UPE experimental studies. The hypothesis, as it provides analytical conveniences for quantitative estimation of UPE patterns, may be useful to further model-interpretation of the spatial-temporal characteristics of UPE.
Analytical hypothesis of the photo-genic source
A human life of natural course from birth to death can be regarded as experiencing three systematic changes: (1) the initial increase and later stabilization of the body volume-contents, (2) the temporal variation of the biological phases by endocrine and exocrine controls, and (3) the deterioration of the body functions due to acquired pathological conditions. I hypothesize that a human body in the live state is resided with an alternative form of energy named "vivo-nergy", which has a spatially and temporally resolved scalar energy density of ( ⃗, ) (unit:
) at a spatial position ⃗ and a time . The scalar "vivo-nergy" ( ⃗, ) takes the following form:
where ℤ ( ⃗, ) (unit: • −3 ) denotes the "primo" state of "vivo-nergy" when descending from birth, ℍ ( ⃗, ) (unit: dimensionless) represents the phase of the systematic or homeostatic physiology that is endogenous to a healthy subject, ℧ ℎ ( ⃗, ) (unit: dimensionless) accounts for the effect of an acquired pathology that is exogenous to an otherwise healthy subject, and 
Where ℤ ( ⃗, ) specifies the "primo" state of the energy counted from as the person enters "adolescence", which is expressed by the following equation:
where is a non-zero, positive constant determining the rapidness of the initial deviation of ℤ ( ⃗, ) from ℤ 0 . I define the deviation of the vivo-nergy from the systematic physiology modified birth state of ℤ 0 over the lifetime as the following:
By using Eq. (2), it is straightforward to obtain the following:
Two entities of differential properties are introduced as shown respectively in the following:
Equation (5) then becomes
where the first "differential" component Δℤ as specified by Eq. (6) denotes the deviation of the "vivo-nergy" from the "primo" state as a result of normal biological development, and the second "differential" component Δ℧ ℎ as specified by Eq. (7) represents the further deviation of the "vivo-nergy" from the level normal to an age due to acquired pathology.
The Eq. (8) by referring to Eqs. (6) and (7) can infer the age-dependency of ∆ by setting ℍ ( ⃗, )=1 and ℧ ℎ ( ⃗, ) = 0, the effect of systematic physiology over a time period by setting ℧ ℎ ( ⃗, ) = 0, and the outcome of acquired pathology at a given time point by setting
The hypothetic changes of the "vivo-nergy" over the life span of a human being are illustrated in Figure 1 , where (A) marks the initial level of "vivo-nergy" set at birth, (B) specifies the decrease of "vivo-nergy" starting at puberty as a result of growth and aging, (C)
represents the deviation of "vivo-nergy" from the age-related level due to modulation by systematic physiology, and (D) manifests the degradation of "vivo-nergy" from the healthy level for an age when caused by acquired pathology.
The deviation of the "vivo-nergy" from the "primo" state is projected to become photogenic through the oxidative bio-chemical pathways that produce free radicals [34, 35] . Integration of the spatially resolved differential "vivo-nergy" represented by Eqs. (6) and (8) over the body volume gives rise to the following two spectrally and temporally resolved photo-genic intensity terms:
where ( will facilitate analysis of the simplest steady-state photon propagation in the body volume.
Photon diffusion causing surface photon emission
With the placement of a steady-state photo-genic source in the spherical tissue domain representing the human body, the steady-state propagation of the photon in the spherical domain that is several orders greater than the photon scattering path-length in a biological tissue can thus be modeled by the diffusion approximation to the radiative transfer [36] . The human body is treated as a globally homogeneous diffusive medium containing localized steady-state spatially impulsive photo-genic sources. The diffusive tissue medium is characterized by the following properties: absorption coefficient ) satisfies the following equation [37] :
where ( ⃗) is a source term, which is also subject to a boundary condition. For an infinite homogeneous medium containing a steady-state point source at ⃗′ with an intensity S as is represented by • ( ⃗′), Eq. (11) has the well-known Green's function solution of [38] 
The solution Eq. (12) can also be written in the following Eigen function expansion [39] :
where and are respectively the -th order modified spherical Bessel function of the first and the second kinds, < and > are respectively the smaller and greater radial coordinates of the source and detector, and is the spherical harmonics function.
With regards to how the photon fluence rate is affected by the tissue-air boundary, it has been established that the photon fluence rate does not become zero at a field position immediately beyond the tissue boundary; instead, a more accurate treatment of extrapolated zero-boundary condition sets zero the photon fluence rate at a distance away from the tissue boundary-------the so called extrapolated boundary [40] . The Figure 2 with the implementation of the extrapolated boundary is illustrated in Figure 3 . A field point ⃗ on or beyond the spherical tissue boundary locates at ( , , ) with ≥ 0 . The application of the extrapolated zero-boundary condition to the photon fluence rate associated with any source within the tissue medium is satisfied by introducing an "image" of the source with respect to the extrapolated boundary that is co-centric with and at a radial distance of = 2 outward from the physical boundary [39] For the pathological photo-genic source ℎ located off-center at ( ℎ , ′ , ′ ), the geometric symmetry determines that the image of it with respect to the extrapolated boundary must locate along the same radial direction of it. The source ℎ and its image with respect to the extrapolated boundary thus collectively set zero the photon fluence rate on the extrapolated boundary. Based on Eq. (13), the photon fluence rate associated with the pathological photo-genic source ℎ and evaluating on the extrapolated boundary, for which the source locates at < = ℎ and the field point locates at > = 0 + , is
where the notation " " right left indicates evaluating the "left" as the source on the "right" as the field position. Note that that any " "th order (or moment) of the pathological photo-genic source has the same intensity of ℎ . Similarly, the photon fluence rate associated with the image of the pathological photo-genic source and evaluating on the extrapolated boundary, for which the source now locates at a radial position of a to-be-determined  r and the detector locates at < = 0 + , is
where the * terms is different for different " " (or moment). Based on the essence of "imagesource" [35, 36] , the two unknown terms * and > associated with the -th order (or moment)
"image" source (the component) can be expressed by a single unknown term associated with the same order (or moment) of the actual pathological photo-genic source ℎ located within the tissue at ( ℎ , ′ , ′ ) (the component), as the following:
Applying the extrapolated zero-boundary condition of Ψ ℎ | + Ψ ℎ | = 0 leads to
Now for the photon fluence rate associated with the pathological photo-genic source at
, but evaluating at a field point between the body boundary and the extrapolated boundary, the source still locates at < = ℎ but the detector or the field point locates at > = 0 + Δ , where Δ ∈ [0, ] . For the photon fluence rate associated with the image of the pathological photo-genetic source and also evaluating at a field point between the body boundary and the extrapolated boundary, the field point now locates at < = 0 + Δ and the source terms are known through Eqs. (16) and (17) . Collectively the composite photon fluence rate originating from a pathological photo-genic source at ( ℎ , ′ , ′ ) and sensed by a detector or field point at ( 0 + Δ , , ) between the body boundary and the extrapolated boundary becomes: 
Thus Eq. (19) will be changed to a trivial form of
Equation (21) that is associated with the pathological photo-genic source of ℎ pedestrianly satisfies the condition of producing zero composite photon fluence rate at the extrapolated boundary whereupon ∆ = . Equation (21) 
where is the distance from the physiological photo-genic source to the field point. When both the physiological patho-genic source and the pathological photo-genic source ℎ are considered as the origin of the photon emission causing UPE photon distribution beyond the spherical boundary, the composite photon fluence rate at a field point ( 0 + Δ , , ) is thus the combination of the respective photon flounce rates of Eqs. (21) and (22), as the following:
Numerical evaluation of the superficial photon fluence rate of the spherical domain
Equation (23) • −2 (corresponding to 25 counts of 500nm photons per second per cm 2 ), and drops to zero at the extrapolated boundary that in actual scale is just about 0.11cm away from the tissue boundary of the specified optical properties.
In the following sections, the numerical implementations of Eq. (23) are configured in 3 cases of the photo-genetic sources to demonstrate respectively the patterns of age-dependency, physiological variation, and pathological asymmetry of the photon-fluence rate at the surface of the spherical domain. It is noted that the temporal variation is assessed via relative changes of the photon fluence rate evaluated at the same spatial location. Therefore when the photon fluence rate is to be evaluated at one position to assess the temporal changes at any durations, the position of the field point is set at the boundary of the spherical tissue boundary and at 3 o'clock position, and the resulted photon fluence rate is scaled across the board to compare against a few literature data that are reproduced with the publishers' permissions.
Age dependency
The age dependency and gender difference of the photon fluence rate at the boundary of the spherical tissue domain is simulated by removing ℎ and setting the following parameters: the puberty age of male is 13, the puberty age of female is 11, the FOSSI age of both male and female is 20, the power factor determining the rapidness of the age-dependency is = 2, and a life spans 75 years. The male weight is assumed to be 40% greater than the female weight at the same age, leading to 40% stronger intensity of the physiological photo-genic source for male than female at otherwise identical setting of the parameters. A literature report showing the dependency of UPE photon count on age and the difference of UPE photon count between male and female is reproduced with permission from the publisher [27] as shown in Figure 5 (A). In (A) there is a smaller down-ward solid-framed arrow pointing to an age group of 11-14 of both male and female, at which the UPE photon count started to increase noticeably. That age group is projected to indicate puberty. In (A) there is a larger upward dash-framed arrow pointing to an age group of 41-50 of the female that may be interpreted as indicating menopause.
That menopause-inferring change is not included in the numerical model analysis per se. The numerical results as specified heretofore are plotted in Figure 5 (B) with the the assumption of the photon fluence rate has a baseline count at the level of the literature report. The patterns regarding how the photon fluence rates change over the age and how different the chances are between the male and female resemble the trends reported.
Diurnal variation
The variation of the photon fluence rate revealed at the boundary of the spherical tissue domain as a function of short-term homeostatic changes is simulated by removing ℎ and setting the ℍ to change periodically. A known diurnal variation of UPE photon count is adopted from an openaccess publication [41] as shown in Figure 6 
Spatial asymmetry associated with asymmetric pathological conditions
The spatial asymmetry of surface photon fluence rate can be induced by placing a pathological photo-genic source off-center in the spherical domain. Such a demonstration is given in Figure 7 in referencing the asymmetric UPE intensity that became aggregated as the tumor-load at the right axillary of a breast cancer mouse model increased [16] . The tumor volume is modeled as increasing exponentially [42] . The tumor volumes of respectively less than 0.5cm in diameter, between 1cm and 1.5cm in diameter, and greater than 1.5m in diameter as specified on panel (A) are modeled as exp ( 
Discussions
This work is intended to provide a quantitative model-based interpretation of a few patterns of UPE that are presented as superficial patterns that indicate the effect of age, the systematic physiology, and localized pathological conditions. An apparent limitation of this model is the unknown value of the photo-genetic factor for converting the hypothetical deviation of the vivonergy from an optimal primo state to a physical source of light emission. The photo-genetic factor may not be specified unless the new form of the energy residency as "vivo-nergy" can be justified.
Another limitation is the modeling of the human tissue volume as a spherical domain, even though it is obviously more accurate than the most commonly treated semi-infinite tissue domain that is friendly to analytical treatment. The advantage of a spherical tissue domain is the involvement of only one boundary as the geometry involves essentially a radial dependency. A more practical geometry of representing human tissue volume in terms of photon propagation may be a cylindrical domain of finite-length, within which the similar photon diffusion approach can be applied.
Applying the photon diffusion approach to a finite length cylindrical tissue domain will require considering boundary at two orientations, one is along the radial dimension and the other is along the polar aspect. That treatment may reveal that the strips of photon emission at the cranial and caudal aspects of the human body differ from the strips of photon emission at lateral aspects of the human body [43] .
In this work, the physiological photo-genic source is localized at the center of the human tissue domain, in consideration of the systematic influence of any homeostatic cause. The localization of the pathological photo-genic causes to only one off-center source is rather arbitrary.
But the results associated with a single off-center pathological photo-genic source can be conveniently expanded to the case of having multiple pathological conditions that each demands an individual photo-genic source. In such cases, multiple pathological photo-genic sources of different intensities can be localized at different positions that potentially represent their sitespecific anatomy, and the spatially resolved photon fluence rates resulted from those multiple pathological photo-genic sources can be combined in a linear format to inform the composite photon fluence rate at the surface. For a more complicated tissue geometry, the computation of the surface photon fluence rate can also be conducted by using numerical procedures such as finiteelement methods (FEM) [44] for solving photon diffusion problems. Implementing numerical methods such as FEM may also allow addressing complicated pathological photon-genic causes that are better represented by a source distributed over a continuous tissue volume.
The pathological condition has been linked with neuronal control in deriving the photogenic source term in this model. A site of pathological condition that has lost the neural control will lead to less deviation from the primo state of the vivo-nergy, thus smaller intensity of the photon-genic source. A smaller photon-genic source will result in smaller superficial photon fluence rate at the side of the pathological condition, or equivalently higher superficial photon fluence rate at the contra-lateral side. This arrangement of the neuronal control will make the model output in consistent with the observation of lower UPE at the hand of hemiparesis when compared to the normal contra-lateral hand [32] . The validity of defining the photo-genic effect of neuronal control for modeling superficial patterns of UPE will be subject to further testing. 
Conclusions
In conclusion, I present an analytical framework of hypothesis for the initial objective of modeling a few superficial presentations of UPE of human, including the systematic dependency on age, the diurnal variation, and the geometric asymmetry associated with serious asymmetrical pathological conditions. The hypothesis assumes a new form of energy state, termed vivo-nergy, which resides only in metabolically active organisms that are also under neuronal control. The hypothesis projects a decrease of the vivo-nergy in human during growth beyond puberty, with the rate of decrease dictated by a critical time-scale---the age of the first opposite-sex sexual intercourse (FOSSI). The hypothesis also proposes a modification of the vivo-nergy by the phases of systematic or homeostatic physiology. The hypothesis further postulates that the deviation of the physiology-modified vivo-nergy from the pre-puberty level is deteriorated by acquired organ-specific pathological conditions. Any reduction of vivo-nergy from the pre-puberty level is hypothesized to proportionally cause oxidative stress that functions as the physical source of UPE.
The resulted steady-state diffusion of the photon emitted from a photo-genic source of UPE in a human geometry simplified as a homogeneous spherical domain is modeled by photon diffusion principles incorporating an extrapolated zero-boundary condition. The age and systematic physiology combined determines the intensity of the centered physiological photo-genic source. there is a smaller down-ward solid-framed arrow pointing to an age group of 11-14 of both male and female, at which the UPE photon count started to increase noticeably. That age group is projected to indicate puberty. In (A) there is a larger upward dash-framed arrow pointing to an age group of 41-50 of the female that may be interpreted as indicating menopause. ) there is a smaller down-ward solid-framed arrow pointing to an age group of 11-14 of both male and female, at which the UPE photon count started to increase noticeably. That age group is projected to indicate puberty. In (A) there is a larger upward dash-framed arrow pointing to an age group of 41-50 of the female that may be interpreted as indicating menopause. 
